Cardiotoxicity in signal transduction therapeutics: erbB2 antibodies and the heart.
Cardiotoxicity is a common and potentially devastating side effect of antineoplastic drug therapy. This empiric observation is seen as paradoxical given that the cardiomyocyte is considered to be a terminally differentiated cell. Despite the fact that these cells do not divide after birth, adult cardiomyocytes may become "innocent bystander" targets of anticancer drugs designed to interfere with cell signaling pathways in rapidly proliferating cells. In breast cancer clinical trials, treatment with the erbB2 receptor antibody trastuzumab combined with anthracyclines has been associated with an increased risk for the development of cardiac pump failure. Trastuzumab/anthracycline cardiomyopathy may be the first clinically significant cardiotoxicity to emerge from signal transduction therapeutics. The erbB2 receptor tyrosine kinase is known to have a critical role in cardiac development. In addition, erbB2 is thought to participate in an important pathway for growth, repair, and survival of adult cardiomyocytes as part of a signaling network that involves neuregulins and the neuregulin receptor erbB4. However, erbB2 levels in the adult heart are low when compared with the levels found in erbB2-overexpressing breast cancer cells that are the intended targets of trastuzumab therapy. Thus, trastuzumab-associated cardiotoxicity must be explained by some alternative mechanism. After confirming that trastuzumab is capable of inducing tyrosine phosphorylation of the human cardiomyocyte erbB2 protein, a novel system for culturing human myocardium was developed in our laboratory. We used this system to study the effects of trastuzumab on human cardiomyocytes in vitro and observed trastuzumab-induced structural and functional changes in human cardiomyocytes that were at least partially reversible with the addition of recombinant neuregulins. The results obtained in these experiments support a direct action of trastuzumab on human cardiomyocytes. In addition, these data provide insight regarding potential molecular mechanisms. Most importantly, these data draw attention to the inherent risk of cardiotoxicity associated with a newly emerging class of antineoplastic drugs that interfere with signal transduction pathways.